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UNMANNED AIRCRAFT

CROSS REFERENCE TO RELATED
APPLICATIONS

This 1s a continuation application of PCT International
Application No. PCT/J1P2020/022°737 filed on Jun. 9, 2020,
designating the United States of America, which 1s based on
and claims priority of Japanese Patent Application No.

2019-126737 filed on Jul. 8, 2019. The entire disclosures of

the above-identified applications, including the specifica-
tions, drawings and claims are incorporated herein by ref-
erence 1n their entirety.

10

FIELD 15

The present disclosure relates to an unmanned aircratft.

BACKGROUND
20

Patent Literature (PTL) 1 discloses an unmanned aerial
vehicle that performs a process of removing the background
noise from sound data picked up by a background micro-

phone.
25

CITATION LIST
Patent Literature

PTL 1: Japanese Unexamined Patent Application Publi- 3Y
cation (Translation of PCT Application) No. 2017-502568

SUMMARY

Technical Problem 35

It 1s diflicult for such an unmanned aircrait to incorporate
a large-capacity battery. The amount of power used for
processing in the unmanned aircrait 1s thus desired to be
reduced. 40
In view of this, the present disclosure provides an
unmanned aircrait that achieves both the reduction i power
consumption 1n the unmanned aircraft and the detection of

a target sound.
45

Solution to Problem

The unmanned aircrait according to the present disclosure
includes: a microphone including a plurality of elements;
and a processor that processes signals output from target 50
clements included in the plurality of elements. Here, the
processor: performs a detection process of detecting a target
sound signal of a target sound from the signals output from
the target elements included 1n the plurality of elements; and
changes the target elements that output the signals to be 55
processed by the processor to select at least one target
clement that outputs a signal to be processed by the proces-
sor from among the plurality of elements, 1n accordance with
a result of the detection process.

The unmanned aircraft according to another aspect of the 60
present disclosure includes: a microphone including a plu-
rality of elements; and a processor that processes signals
output from target elements included in the plurality of
clements. Here, the processor: obtains an aircrait state of the
unmanned aircrait; and changes the target elements that 65
output the signals to be processed by the processor to select
at least one target eclement that outputs a signal to be

2

processed by the processor from among the plurality of
elements, 1n accordance with the aircraft state.

These general and specific aspects may be implemented
using a system, a method, an integrated circuit, a computer
program, or a computer-readable recording medium such as
a CD-ROM, or any combination of systems, methods,
integrated circuits, computer programs, or computer-read-
able recording media.

Advantageous Ellects

The unmanned aircraft according to the present disclosure
1s capable of achieving both the reduction in power con-
sumption in the unmanned aircraft and the detection of a
target sound.

BRIEF DESCRIPTION OF DRAWINGS

These and other advantages and features will become
apparent from the following description thereof taken 1in
conjunction with the accompanying Drawings, by way of
non-limiting examples of embodiments disclosed herein.

FIG. 1 1s an external view of an unmanned aircrait and a
controller according to Embodiment 1.

FIG. 2 1s a top view of the unmanned aircraft according,
to Embodiment 1.

FIG. 3 1s a block diagram of the configuration of the
unmanned aircrait according to Embodiment 1.

FIG. 4 1s a diagram for explaining an exemplary process
of changing target elements that output signals to be pro-
cessed by a processor.

FIG. 5 15 a diagram showing a positional relation between
the unmanned aircraft and a sound source in a {irst scene
viewed from a horizontal direction.

FIG. 6 1s a diagram showing an example of elements
selected as target elements 1n the first scene.

FIG. 7 1s a diagram showing a positional relation between
the unmanned aircraft and the sound source 1 a second
scene viewed from a horizontal direction.

FIG. 8 1s a diagram showing an example of elements
selected as target elements 1 the second scene.

FIG. 9 1s a diagram showing another example of elements
selected as target elements 1 the second scene.

FIG. 10 1s a diagram showing an example of elements
selected as target elements 1n a third scene.

FIG. 11 1s a diagram showing an example of elements
selected as target elements used for the detection of a target
sound 1n a low power mode.

FIG. 12 1s a flowchart of an exemplary sound recording
operation performed by the unmanned aircratt.

FIG. 13 1s a diagram for explaining a first exemplary
process of changing target elements 1n accordance with the
amount of remaining battery.

FIG. 14 1s a diagram for explaining a second exemplary
process of changing target elements 1n accordance with the
amount of remaining battery.

FIG. 15 1s a diagram for explaining a third exemplary
process ol changing target elements 1n accordance with the
amount of remaining battery.

FIG. 16 1s a tlowchart of a first exemplary sound record-
ing operation performed by an unmanned aircraft according
to Embodiment 2.

FIG. 17 1s a flowchart of a second exemplary sound
recording operation performed by the unmanned aircraft
according to Embodiment 2.
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FIG. 18 15 a flowchart of a third exemplary sound record-
ing operation performed by the unmanned aircraft according
to Embodiment 2.

FIG. 19 1s a graph showing a relation between a noise
level of the unmanned aircraft and an instructed number of
rotations of rotor blades.

FIG. 20 1s a diagram showing a relation between an
instructed number of rotations of the rotor blades of the
unmanned aircrait and the number of target elements.

FIG. 21 1s a flowchart of an exemplary sound recording
operation performed by the unmanned aircrait according to
Embodiment 3.

FI1G. 22 15 a flowchart of an exemplary process of chang-
ing target elements according to a variation.

DESCRIPTION OF EMBODIMENTS

Underlying Knowledge Forming Basis of the
Present Disclosure

As described above, the unmanned aerial vehicle dis-
closed 1n PTL 1 performs the signal processing of removing,
from the obtained sound data, the background noise gener-
ated by propulsion units such as rotor blades included 1n the
unmanned aerial vehicle. However, the inventors have found
that the unmanned aerial vehicle disclosed in the Back-
ground section fails to consider the selection of elements
that output signals to be processed from among elements of
a plurality of microphones included in the unmanned aerial
vehicle. For this reason, the unmanned aerial vehicle dis-
closed m PTL 1 may not be able to reduce a suflicient
amount of power required for a detection process that is
performed using signals output from a plurality of elements.

The unmanned aerial vehicle obtains thrust to fly by
driving a plurality of rotor blades, using the power of a
battery included 1n the unmanned aerial vehicle. As such,
tlight hours (or the flight distance) of the unmanned aerial
vehicle are restricted by hours (or distance) determined by
the amount of battery charge. The unmanned aerial vehicle
uses the battery power to perform the foregoing signal
processing. This means that the amount of power that can be
used for the flight of the unmanned aerial vehicle decreases
with an increase 1n the amount of power consumed by the
signal processing. This results in the reduction 1 future
flight hours of the unmanned aerial vehicle. One possible
way to reduce power consumption to prevent a decrease in
flight hours 1s to stop the signal processing. However, the
unmanned aerial vehicle cannot detect a target sound by the
microphones while the signal processing 1s stopped.

As thus described, 1t 1s hard for the conventional
unmanned aircraft to achieve both the reduction in power
consumption 1n the unmanned aircraft and the detection of
a target sound.

To solve such problem, the unmanned aircrait according
to an aspect of the present disclosure includes: a microphone
including a plurality of elements; and a processor that
processes signals output from target elements included in the
plurality of elements. Here, the processor: performs a detec-
tion process of detecting a target sound signal of a target
sound from the signals output from the target elements
included 1n the plurality of elements; and changes the target
clements that output the signals to be processed by the
processor to select at least one target element that outputs a
signal to be processed by the processor from among the
plurality of elements, in accordance with a result of the
detection process.
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In this configuration, the processor changes target ele-
ments that output signals to be processed by the processor,
in accordance with the result of the detection of a target
sound signal. This means that the processor does not per-
form the detection process using signals output from some
of the elements at least before or after changing of the target
clements. With thas, it 1s thus possible to reduce processing
load required for the detection process at least before or after
changing of the target elements, thereby reducing the
amount of power used for the detection process. The fore-
going configuration 1s thus capable of achieving both the
reduction 1 power consumption in the unmanned aircraft
and the detection of a target sound.

The processor may increase a current number of the target
clements that output the signals to be processed by the
processor, when the target sound signal 1s detected by the
detection process from the signals output from the plurality
ol elements.

With this configuration, it 1s possible to use a smaller
number of target elements before the detection of the target
sound signal than the number of target elements used after
the detection of the target sound signal. With this, 1t 1s
possible to reduce the amount of power used to process
signals output from the microphone, while continuing the
detection of the target sound. Also, since an increased
number of target elements are used after the detection of the
target sound signal, it 1s possible to improve the quality of
the result of processing signals output from the microphone.

The unmanned aircraft according to another aspect of the
present disclosure includes: a microphone including a plu-
rality of elements; and a processor that processes signals
output from target elements included in the plurality of
clements. Here, the processor: obtains an aircrait state of the
unmanned aircrait; and changes the target elements that
output the signals to be processed by the processor to select
at least one target clement that outputs a signal to be
processed by the processor from among the plurality of
elements, 1n accordance with the aircraft state.

In this configuration, the processor changes target ele-
ments that output signals to be processed by the processor,
in accordance with the aircrait state of the unmanned air-
craft. This means that the processor does not perform the
detection process using signals output from some of the
clements at least before or after changing of the target
clements. With thus, it 1s thus possible to reduce processing
load required for the detection process at least before or after
changing of the target elements, thereby reducing the
amount of power used for the detection process.

The unmanned aircrait may further include: a rotor blade
used for flight. Here, the aircrait state may be a current
number of rotations of the rotor blade per unit time.

With this configuration, 1t 1s possible to select, as target
clements that output signals to be processed by the proces-
sor, elements appropriate for the number of rotations of the
rotor blades per umt time 1n accordance with such number
of rotations. The foregoing configuration thus improves the
quality of the result of processing signals output from the
microphone.

The processor may increase a current number of the target
clements 1 changing the target elements, and before the
changing of the target elements, the target elements may
include a first element located 1n a specific direction from the
microphone.

In this configuration, before the number of target elements
1s 1ncreased, 1.e., when a detection process 1s not performed
using signals output from some of the elements, a detection
process 1s performed using a signal output from the first
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clement located 1n a specific direction from the microphone.
This configuration thus improves the recording quality of the
sound from a specific direction.

The specific direction may be a direction 1n which a sound
source of the target sound 1s predicted to be located.

With this configuration, 1t i1s possible to improve the
recording quality of the sound from the sound source.

Before the changing of the target elements, the target
clements may further include a second element located
closer to a source of noise generated by the unmanned
aircraft than the first element.

In this configuration, the first element and the second
clement are located at different distances from the source of
noise generated by the unmanned aircraft. As such, time
differences are likely to occur between elements in picking
up of the noise. This thus eflectively reduces the noise
generated by the unmanned aircrait 1n the detection process,
thereby preventing the recording quality of the target sound
from being degraded by the noise generated by the
unmanned aircrait. This configuration 1s thus capable of
improving the recording quality of the target sound.

Before the changing of the target elements, the target
clements may further include a third element located
between the first element and the second element.

In this configuration, the first element, the second ele-
ment, and the third element are located at diflerent distances
from the source of the noise generated by the unmanned
aircrait. As such, time differences are likely to occur among
clements 1n picking up of the noise. This thus effectively
reduces the noise generated by the unmanned aircraft in the
detection process, thereby preventing the recording quality
of the target sound from being degraded by the noise
generated by the unmanned aircrait. This configuration 1s
thus capable of improving the recording quality of the target
sound.

In changing the target elements, the processor may further
change the target elements to select the at least one target
clement that outputs the signal to be processed by the
processor from among the plurality of elements, 1n accor-
dance with an amount of remaining battery of a battery
included in the unmanned aircratt.

In this configuration, the number of target elements 1s
decreased when, for example, the amount of remaining
battery becomes lower than a predetermined threshold after
being consumed by flight, signal detection processing, and
so forth. With this, it 1s possible to reduce the amount of
power used for signal processing. This reduces the decrease
rate of the amount of remaining battery, thus increasing the
flight hours of the unmanned aircratit.

In this configuration, the number of target elements 1s
increased when, for example, the amount of remaining
battery becomes greater than a predetermined threshold as a
result of charging, etc. This configuration 1s thus capable of
improving the recording quality.

The processor may further: obtain a flight route of the
unmanned aircraft; and estimate the amount of remaining
battery 1n a position on the flight route at which the
unmanned aircrait 1s scheduled to arnive.

With this configuration, it 1s possible to change the target
clements 1n accordance with the amount of remaining bat-
tery estimated from the flight route. As such, 1t 1s possible,
for example, to reduce the decrease rate of the amount of
remaining battery by decreasing the number of target ele-
ments 1n the case where the amount of remaining battery 1s
smaller than a predicted amount of power consumption that
1s predicted to be consumed to complete the tlight through
the tlight route. The foregoing configuration 1s thus capable
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of increasing the flight hours of the unmanned aircraft.
Meanwhile, 1n the case where the amount of remaining
battery 1s larger than a predicted amount of power consump-
tion that 1s predicted to be consumed, 1t 1s possible to
increase the number of target elements to a larger number
than for the case where the amount of remaining battery 1s
smaller than a predetermined amount of remaining battery.
This improves the recording quality.

The processor may: estimate a quality of the target sound
signal that 1s detected from the signal output from the at least
one target element that has been selected 1n the changing of
the target elements; and change the tlight route when the
quality 1s lower than a threshold.

With this configuration, 1t 1s possible to allocate to signal
processing the amount of power required to fly through the
tlight route that has been changed to have a shorter flight
distance, for example, 1n the case where the quality of the
target sound signal 1s estimated to be lower than the thresh-
old. The foregoing configuration 1s thus capable of increas-
ing the number of target elements, and thus improving the
quality of the target sound signal.

The processor may: estimate a quality of the target sound
signal that 1s detected from the signal output from the at least
one target element that has been selected in changing the
target elements; and increase a current number of the target
clements to increase the quality to a level greater than or
equal to the threshold, when the quality 1s lower than the
threshold.

With this configuration, it 1s possible to increase the
number of target elements 1n the case where the quality of
the target sound signal 1s estimated to be lower than the
threshold, thus improving the quality of the target sound
signal.

These general and specific aspects may be implemented
using a system, a method, an integrated circuit, a computer
program, or a computer-readable recording medium such as
a CD-ROM, or any combination of systems, methods,
integrated circuits, computer programs, or computer-read-
able recording media.

Heremalter, certain exemplary embodiments are
described 1n greater detail with reference to the accompa-
nying Drawings.

Each of the exemplary embodiments described below
shows a general or specific example. The numerical values,
shapes, materials, elements, the arrangement and connection
ol the elements, steps, the processing order of the steps etc.
shown 1n the following exemplary embodiments are mere
examples, and therefore do not limit the scope of the
appended Claims and their equivalents. Therefore, among
the elements in the following exemplary embodiments,
those not recited 1n any one of the mdependent claims are
described as optional elements.

Embodiment 1

With reference to FIG. 1 through FIG. 12, Embodiment 1
will be described.

Configuration

FIG. 1 1s an external view of an unmanned aircraft and a
controller according to Embodiment 1. FIG. 2 1s a top view
of the unmanned aircraft according to Embodiment 1.

As shown 1n FIG. 1 and FIG. 2, unmanned aircraft 100
receives, from controller 200, an operation signal corre-
sponding to an mput of a user operation to controller 200
(herematter also referred to as “operation”). Unmanned
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aircrait 100 tlies 1n accordance with the received operation
signal. Unmanned aircrait 100 may capture images mid-
flight by camera 114 included in unmanned aircrait 100, 1n
accordance with the received operation signal. Images cap-
tured by camera 114 may be sent to controller 200 or a
mobile terminal such as a smartphone.

Controller 200 accepts an operation from the user, and
sends to unmanned aircraft 100 an operation signal corre-
sponding to the recerved operation. Controller 200 includes
display 300. Display 300 displays, for example, the captured
images received from unmanned aircrait 100. Note that
controller 200 may be connected to a mobile terminal such
as a smartphone, thereby enabling the use of the display of
such mobile terminal as display 300.

This configuration enables the user to operate controller
200 to change the aircraft state of unmanned aircraft 100,
which 1s at least one of the m-flight position or attitude of
unmanned aircrait 100, while checking 1in real time the
images captured by camera 114 of unmanned aircrait 100 on
display 300 of controller 200. The user can thus freely
change the imaging area of 1mage capturing performed by
camera 114 of unmanned aircraft 100.

Unmanned aircraft 100 includes four generators 110,
main body 120, and four arms 121.

Each of four generators 110 generates thrust to fly
unmanned aircraft 100. More specifically, each of four
generators 110 produces an airflow to generate thrust to tly
unmanned aircrait 100. Each of four generators 110 includes
rotor blade 111 that produces an airflow by rotating, and
actuator 112 that rotates rotor blade 111. Each rotor blade
111 and actuator 112 include an axis of rotation that 1s
substantially parallel 1n the vertical direction and produce an
airtlow that flows downward from rotor blade 111 by rotat-
ing about the axis of rotation. This configuration enables
four generators 110 to produce thrust that levitates
unmanned aircraft 100 upward, allowing unmanned aircraft
100 to fly. Each actuator 112 1s, for example, a motor that
rotates about the axis of rotation of rotor blade 111.

In a top view of unmanned aircrait 100, four generators
110 are arranged around main body 120 at 90-degree inter-
vals, with the center of gravity of main body 120 serving as
the center. Stated differently, four generators 110 are
arranged 1n a ring form to surround main body 120.

Note that rotor blade 111 included in each of four gen-
crators 110 1s illustrated as a single propeller as a non-
limited example, and thus rotor blade 111 may be imple-
mented as counter-rotating propellers that includes two
propellers that rotate 1n counter directions about the same
axis of rotation. Also note that the number of generators 110
may be less than four, or may be five or more so long as
thrust to fly unmanned aircrait 100 1s obtained.

Main body 120 1s, for example, a boxy member 1n a
substantially circular cylindrical shape, 1.¢., a cabinet. Elec-
trical components such as a processor, a memory, a battery,
and various sensors are located inside of main body 120.
Note that the shape of main body 120 1s not limited to a
circular cylindrical shape, and thus may be another shape
such as a quadrangular prism.

Camera 114 and microphone 103 are located outside of
main body 120. Microphone 103 i1s, for example, a direc-
tional microphone including a plurality of elements 131 for
sound pickup. In a top view of unmanned aircraft 100,
microphone 103 1s fixed at the tip of arm portion 122 that
extends toward a position between two adjacent generators
110 of four generators 110 that are arranged 1n a ring form
to surround main body 120. Stated differently, microphone
103 1s located, for example, facing a direction that 1s 45
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degrees off main body 120 relative to the direction toward
one of four generators 110. Arm portion 122 extends, for
example, 1n a direction ahead of unmanned aircrait 100. As
such, microphone 103 1s fixed to main body 120, facing the
direction ahead of unmanned aircraft 100.

Four arms 121 are members that extend from main body
120 toward four generators 110. Four generators 110 are
fixed at the tips of the respective four arms 121. Stated
differently, each of four arms 121 has one end fixed to main
body 120, and the other end fixed to the corresponding one
of four generators 110.

FIG. 3 1s a block diagram of the configuration of the
unmanned aircraft according to Embodiment 1. More spe-
cifically, FIG. 3 1s a block diagram for explaining the
hardware configuration of unmanned aircrait 100 and the
function of processor 101.

Unmanned aircrait 100 includes processor 101, memory
102, microphone 103, geomagnetic sensor 104, acceleration
sensor 105, gyroscope sensor 106, global positioning system
(GPS) receiver 107, battery 108, battery supervisor 109,
generators 110, communication interface (IF) 113, camera
114, and gimbal 115.

Processor 101 obtains results such as: detection results
from various sensors such as microphone 103, gecomagnetic
sensor 104, acceleration sensor 105, gyroscope sensor 106,
GPS receiver 107, and an image sensor of camera 114; and
a reception result from communication IF 113. Processor
101 performs various processes on the obtained detection
results or reception result by executing a predetermined
program stored i memory 102 or a non-illustrated storage.
For example, processor 101 performs a detection process of
detecting a target sound signal of the target sound from
signals output from a plurality of elements 131 of micro-
phone 103. Through this, processor 101 controls at least one
of four generators 110, microphone 103, camera 114, or
communication IF 113.

Memory 102 stores, for example, coeflicients that are
used to perform a reduction process of reducing noise in
signals output from a plurality of elements 131 of micro-
phone 103, and that are in correspondence with combina-
tions of elements that output signals to be subjected to the
noise reduction process. Memory 102 may store all signals
output from a plurality of elements 131 of microphone 103.
Memory 102 may store a program to be executed by
processor 101. Memory 102 1s implemented, for example, as
a nonvolatile memory.

Microphone 103 includes a microphone array including a
plurality of elements 131, each performing sound pickup.
Microphone 103 has, for example, a spherical shape. A
plurality of elements 131 are arranged substantially evenly
at predetermined 1ntervals on the surface of microphone 103
in a spherical shape. With this configuration, microphone
103 1s capable of picking up sounds from a plurality of
radially outward directions with respect to the center of
microphone 103. Stated differently, microphone 103 1s
capable of picking up sounds from a plurality of difierent
directions around microphone 103. Note that microphone
103 1s not limited to having a spherical shape, and thus may
have a disc shape. In this case, a plurality of elements 131
may be arranged at predetermined 1ntervals on the surface of
microphone 103 having a disc shape. Also note that the
number of elements 131 may be, for example, 4, 8, or 16, or
may be any other numbers.

Geomagnetic sensor 104 1s a sensor that detects a direc-
tion 1n which a reference direction of unmanned aircraft 100
1s oriented. The reference direction may be, for example, the
forward direction of unmanned aircrait 100. Geomagnetic
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sensor 104 1s an example of an attitude sensor that detects
the attitude of unmanned aircraft 100.

Acceleration sensor 105 15 a sensor that detects accelera-
tions 1n three different directions of unmanned aircraft 100.
Acceleration sensor 105 1s an example of a position sensor
that detects the position of unmanned aircraft 100. Note that

the three diflerent directions may be mutually perpendicular
directions.

Gyroscope sensor 106 1s a sensor that detects an angular
rate of rotation about each of the three axes in the three
different directions of unmanned aircrait 100. Gyroscope
sensor 106 1s an example of an attitude sensor that detects
the attitude of unmanned aircraft 100.

GPS recerver 107 receives mformation indicating the
position per se from satellites including a GPS satellite.
Stated differently, GPS receiver 107 detects the current
position of unmanned aircrait 100. Note that satellites that
transmit information received by GPS receiver 107 are not
limited to GPS satellites, and thus may be any global
navigation satellite system (GNSS) satellites. GPS recetver
107 1s an example of the position sensor that detects the
position of unmanned aircrait 100.

Battery 108 supplies electronic devices included in
unmanned aircrait 100 with electric power required by such
clectronic devices to operate. Such electronic devices
include processor 101, memory 102, microphone 103, geo-
magnetic sensor 104, acceleration sensor 105, gyroscope
sensor 106, GPS receiver 107, battery supervisor 109, gen-
erators 110, communication IF 113, camera 114, and gimbal
115. Battery 108 1s, for example, a secondary battery capable
of power charging and discharging. Battery 108 may be
removable from main body 120. Battery 108 1s not limited
to a secondary battery, and thus may be a replaceable
(removable) primary battery.

Battery supervisor 109 1s a control circuit that supervises
an operating status of battery 108. Battery supervisor 109 1s
a control circuit that controls, for example, the output of
clectric power charged 1n battery 108 to electronic devices
included in unmanned aircraft 100 and the charging of
clectric power supplied from an external power source to
battery 108.

Four generators 110 have been described above, and thus
will not be described in detail here.

Communication IF 113 1s a communication interface via
which unmanned aircraft 100 communicates with controller
200 or a commumnication terminal. Communication IF 113
includes, for example, a communication interface for receiv-
ing a transmission signal from controller 200. Communica-
tion IF 113 may also be a wireless local area network (LAN)
interface compliant with, for example, IEEE802.11a, b, g, n,
ac, or ax standard, or may be an interface compliant with a
Bluetooth® standard. Alternatively, communication IF 113
may be a communication interface for communication with
camera 114. In this case, communication IF 113 may be, for
example, a wire communication interface utilizing a univer-
sal serial bus (USB), etc.

Camera 114 1s a device having an 1maging sensor and an
optical system such as a lens. Camera 114 1s supported by
gimbal 115 for maintaining a constant attitude of camera 114
in the three-axis directions. Gimbal 115 1s a device for
maintaining a desired attitude of camera 114 relative to, for
example, the terrestrial coordinate system, even when the
attitude of unmanned aircrait 100 changes. Here, the desired
attitude may be an attitude that 1s determined by an 1maging
direction of camera 114 indicated by an operation signal
received from controller 200. Note that the orientation of
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camera 114 relative to main body 120 may be fixed without
supporting camera 114 by gimbal 115.

Processor 101 includes flight controller 101a, predictor
1015, and microphone controller 101¢ as functional com-
ponents. Stated differently, the functions of flight controller
101a, predictor 1015, and microphone controller 101¢ are
implemented by processor 101 executing the program stored
in memory 102.

Flight controller 101a controls the number of rotations of
actuator 112 of each generator 110 per umt time (i.e.,
rotational speed) in accordance with the current position,
flight speed, and flight attitude of unmanned aircrait 100
detected by geomagnetic sensor 104, acceleration sensor
105, gyroscope sensor 106, GPS receiver 107, and so forth,
and the operation signal from controller 200 received by
communication IF 113. Through this, tlight controller 101qa
controls the aircraft state of unmanned aircraft 100. Stated
differently, flight controller 101a controls the aircraft state of
unmanned aircraft 100 1n accordance within an operation
signal output from controller 200 1n response to a user
operation to controller 200.

Predictor 1015 obtains, from battery supervisor 109,
charging information indicating the amount of remaining
battery of battery 108. On the basis of the amount of
remaining battery indicated by the charging information,
predictor 1015 predicts future flight hours for which
unmanned aircraft 100 1s able to fly. Predictor 1015 predicts
the flight hours on the basis of, for example, the amount of
remaining battery, the amount of power consumption by
generators 110 of unmanned aircraft 100, and the amount of
power consumption by processor 101. Predictor 1015 may
previously calculate the amount of power consumption by
generators 110 and the amount of power consumption by
processor 101 to predict flight hours using the results of such
calculations.

Microphone controller 101¢ obtains, from each of a
plurality of elements 131 of microphone 103, a signal output
from each element 131 by sound detection. Microphone
controller 101¢ obtains, from a plurality of elements 131, a
plurality of signals corresponding to the respective elements
131. Microphone controller 101¢ also performs a detection
process ol detecting a target sound signal of the target sound
from the obtained signals. Microphone controller 101c
changes target elements that output signals to be processed
among a plurality of elements 131, 1n accordance with the
result of the detection process. In the detection process,
microphone controller 101¢ may perform, for example,
signal conversion of converting a plurality of signals from
digital signals 1nto analog signals.

FIG. 4 1s a diagram for explaining an exemplary process
of changing target elements that output signals to be pro-
cessed.

As shown 1n the drawing, microphone controller 101c¢
switches between a low power mode and a full processing,
mode to perform a detection process. In the low power
mode, microphone controller 101¢ performs the detection
process with some of elements 131 of microphone 103 as
target elements used for the detection process and the other
clements not as target elements used for the detection
process. In the low power mode, as described above, micro-
phone controller 101¢ uses signals output from some of
clements 131 of microphone 103 for the detection process,
without using signals output from the other elements for the
detection process. Meanwhile, 1n the full processing mode,
microphone controller 101¢ uses signals output from all
clements 131 of microphone 103 for the detection process.
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Stated differently, the low power mode, 1n which signals
output from the elements other than the target elements are
not used for the detection process, requires a reduced
processing load for the detection process than the full
processing mode. The low power mode 1s thus capable of
reducing power consumption compared to the full process-
ing mode. Meanwhile, the full processing mode, 1n which
signals output from all elements 131 are used for the
detection process, improves the quality of the detected target
sound compared to the low power mode.

Upon detection of a target sound signal by the detection
process, for example, microphone controller 101¢ may
switch from the low power mode to the full processing mode
to increase the number of target elements that output signals
to be processed. Microphone controller 101¢ may determine
that the target sound signal has been detected upon detection
of a sound in a predetermined Ifrequency range by the
detection process. Here, a sound in the predetermined fre-
quency range 1s, for example, human voice, 1.e., speech,
which 1s 1n the range between 300 Hz and 11000 Hz. This
configuration enables microphone controller 101c¢ to per-
form the detection process in the low power mode during a
period 1n which no target sound signal has been detected.
This thus reduces power consumption during the period 1n
which no target sound signal has been detected. This con-
figuration also enables microphone controller 101 ¢ to switch
from the low power mode to the full processing mode upon
detection of the target sound signal, thus improving the
quality of the target sound obtained by the detection process.

Alternatively, for example, microphone controller 101c¢
may switch from the full processing mode to the low power
mode upon detection of the target sound signal by the
detection process to decrease the number of target elements
that output signals to be processed. This configuration
enables microphone controller 101¢ to perform a highly
sensitive detection of the target sound, thereby reducing the
time required to detect the target sound. This configuration
thus reduces the power consumed by the process of detect-
ing the target sound. The full processing mode, in which
signals from all elements are used for the detection process,
achieves highly accurate estimation of the position of the
sound source of the target sound. This configuration thus
enables the selection of elements, as the target elements, that
are appropriate for the estimated position of the sound
source of the target sound. This eflectively improves the
quality of the target sound to be obtained even 1n the low
power mode.

FIG. 5 and FIG. 6 are diagrams showing an example of
clements to be selected as target elements 1n a first scene 1n
the low power mode. FIG. 5§ 1s a diagram showing a
positional relation between the unmanned aircraft and the
sound source in the first scene viewed from a horizontal
direction. FIG. 6 1s a diagram showing an example of
clements selected as target elements 1n the first scene.

Microphone controller 101c¢ selects, as a target element
used for the detection process, a first element that 1s located
in a specific direction from microphone 103. More specifi-
cally, microphone controller 101¢ may process signals out-
put from a plurality of elements 131, using a direction
estimation algorithm, to estimate as the specific direction a
direction i which the sound pressure of the target sound i1s
estimated to be high.

Instead of using the detection results of microphone 103,
microphone controller 101¢ may use an 1mage captured by
the 1maging sensor ol camera 114 to estimate the specific
direction. In this case, microphone controller 101 ¢ 1dentifies
the position of the sound source in the captured image by
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recognizing, through an image process performed on the
image, the color, shape, type, and so forth of the sound
source that are preliminary defined. Microphone controller
101¢ then estimates a direction of the sound source with
respect to unmanned aircraft 100 as the specific direction,
using the position and attitude of camera 114 with respect to
unmanned aircraft 100 at the time of capturing the foregoing
image and the position of the sound source inside of the
image.

Alternatively, microphone controller 101¢ may identily
the specific direction on the basis of an operation signal
received by communication IF 113 from controller 200. In
this case, the operation signal includes information indicat-
ing the specific direction.

Note that examples of the sound source include a person,
an animal, a speaker, and a vehicle.

As shown 1n FIG. 5, the first scene 1s a scene 1n which
unmanned aircraft 100 1s located above the head of the
person serving as sound source 10. In the first scene,
microphone controller 101c¢ selects, as the first element,
clement 1314 1n a position at the side of direction D1, among
the positions on the surface of microphone 103. Direction
D1 1s an obliquely outward and downward direction from
unmanned aircraft 100 1n which sound source 10 1s predicted
to be located.

Microphone controller 101¢ also selects, as a target ele-
ment used for the detection process, a second element that
1s closer than element 131a to the source of noise generated
by unmanned aircraft 100. For example, microphone con-
troller 101¢ selects, as the second element, element 1315
that 1s closer to at least one generator 110, which 1s a source
of noise generated by unmanned aircraft 100. Microphone
controller 101¢ may further select, as third elements, ele-
ments 131¢ and 1314 that are located between element 131a
and element 1315.

In the first scene, microphone controller 101¢ performs
the detection process on a signal output from element 131a
in a position corresponding to specific direction D1 on
microphone 103. This improves the recording quality of
sound from specific direction D1. In the first scene, elements
131a, 1315, 131c, and 1314, among elements 131 of micro-
phone 103, are located at different distances from at least one
generator 110 that 1s a source of noise generated by
unmanned aircrait 100. As such, time differences are likely
to occur among elements 131q, 1315, 131¢, and 1314 n
picking up of the noise generated by such generator 110.
This effectively reduces noise generated by unmanned air-
craft 100 1n the detection process, thereby preventing the
recording quality of the target sound from being degraded by
noise generated by unmanned aircrait 100. This configura-
tion 1s thus capable of improving the recording quality of the
target sound.

FIG. 7 and FIG. 8 are diagrams showing an example of
clements to be selected as target elements 1n a second scene
in the low power mode. FIG. 7 1s a diagram showing a
positional relation between the unmanned aircrait and the
sound source 1n the second scene viewed from a horizontal
direction. FIG. 8 1s a diagram showing an example of
clements selected as target elements in the second scene.

As shown 1n FIG. 7, the second scene 1s a scene 1n which
unmanned aircrait 100 1s located at an equal level as that of
sound source 10. In the second scene, microphone controller
101c¢ selects, as the first element, element 131e 1n a position
at the side of direction D2, among the positions on the
surface of microphone 103. Direction D2 1s a horizontally
outward direction from unmanned aircraft 100 in which
sound source 10 1s predicted to be located.
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Microphone controller 101¢ also selects, as a target ele-
ment used for the detection process, a second element that
1s closer than element 131e to the source of the noise
generated by unmanned aircraft 100. For example, micro-
phone controller 101c¢ selects, as the second element, ele-
ment 1315 that 1s close to at least one generator 110, which
1s a source of noise generated by unmanned aircrait 100.
Microphone controller 101¢ may further select, as third
clements, elements 131/ and 131¢ that are located between
clement 131e and element 1315.

In the second scene, microphone controller 101 ¢ performs
the detection process on a signal output from element 131e
in a position corresponding to specific direction D2 from
microphone 103. This improves the recording quality of a
sound from specific direction D2. In the second scene,
clements, 1315, 131¢, 131/, and 131g, among elements 131
of microphone 103, are located at different distances from at
least one generator 110, which 1s a source of noise generated
by unmanned aircrait 100. As such, time differences are
likely to occur among elements 1315, 131e, 131/, and 131¢g
in picking up of the noise generated by such generator 110.
This effectively reduces noise generated by unmanned air-
craft 100 1n the detection process, thereby preventing the
recording quality of the target sound from being degraded by
noise generated by unmanned aircrait 100. This configura-
tion 1s thus capable of improving the recording quality of the
target sound.

Note that elements selected in the low power mode are not
limited to the examples shown in FIG. 5 through FIG. 8, and
thus elements as shown in FIG. 9 through FIG. 11 may be
selected.

FI1G. 9 1s a diagram showing another example of elements
selected as target elements in the second scene. Unlike the
case of FIG. 8, microphone controller 101c¢ 1n this case may
select elements 131¢ and 131/ located close to the straight
line that extends in direction D2 and that passes through
clement 131e, among the elements excluding element 131e
as the first element and element 1315 as the second element.

FIG. 10 1s a diagram showing an example of elements
selected as target elements 1n a third scene. The third scene
1s a scene 1 which microphone 103 of unmanned aircrait
100 1s located immediately above sound source 10. In this
case, microphone controller 101c¢ selects, as the first ele-
ment, element 131g 1n a position at the side of direction D3
in which sound source 10 1s predicted to be located, among
the positions on the surface of microphone 103.

Microphone controller 101¢ also selects, as the second
clement, element 1315 that 1s closer than element 131g to
the source of the noise generated by unmanned aircraft 100.
Microphone controller 101¢ may further select elements
131c and 131d located close to the straight line that extends
in direction D3 and that passes through element 131g,
among the elements excluding element 131g as the first
clement and element 1315 as the second element.

FIG. 11 1s a diagram showing an example of elements
selected as target elements used for the detection of a target
sound 1 the low power mode. As shown i FIG. 11,
microphone controller 101¢ may select, as the target ele-
ments, elements located in different directions in the low
power mode for the case of switching to the full processing
mode upon detecting a target sound signal by the detection
process. More specifically, microphone controller 101¢ may
select dispersedly located elements so that non-target ele-
ments are present between target elements, 1.e., no adjacent
clements are selected as target elements. This enables an
ellective detection of a target sound even 1n the case where
a small number of elements are selected as target elements.

10

15

20

25

30

35

40

45

50

55

60

65

14

Operation

The following describes an operation performed by
unmanned aircrait 100.

FIG. 12 1s a flowchart of an exemplary sound recording
operation performed by unmanned aircraft 100.

In unmanned aircraft 100, microphone 103 picks up
sounds (S11).

Then, processor 101 determines whether the current
sound recording processing mode 1s the low power mode
(512). More specifically, processor 101 refers to mode
information that 1s stored in memory 102 and indicates the
current sound recording processing mode to determine
whether the sound recording processing mode stored in
memory 102 1s the low power mode.

When determining that the current sound recording pro-
cessing mode 1s the low power mode (Yes 1n S12), processor
101 performs a predetermined process using signals output
from some of elements selected 1n the low power mode,
among all elements 131 of microphone 103 (S13). The
predetermined process performed by processor 101 1s, for
example, a process of reducing the noise generated by at
least one generator 110 of unmanned aircrait 100 from a
plurality of signals output from the elements selected as the
target elements used for the detection process. Note that the
number of elements selected as the target elements used for
the detection process 1n the low power mode 1s not limited
to a plurality of signals, and thus a single element may be
selected.

Processor 101 then detects the target sound, using the
result of the predetermined process performed 1n step S13
(S14). For example, processor 101 detects a target sound
signal representing the target sound 1n a predetermined
frequency range from the signals that have undergone the
noise reduction process.

Processor 101 then determines whether a sound recording,
event has been detected (515). For example, processor 101
may determine that a sound recording event has been
detected 1n the case where the sound pressure level of the
target sound signal detected in step S14 1s higher than or
equal to a predetermined sound pressure level. Alternatively,
processor 101 may determine that a sound recording event
has been detected 1n the case where, for example, the sound
pressure level of the target sound signal detected 1n step S14
in the specified frequency range 1s higher than or equal to a
predetermined sound pressure level. Processor 101 may also
determine that a sound recording event has been detected 1n
the case where, for example, a predetermined command 1s
included in the result of sound recogmition performed on the
target sound signal.

When determining that no sound recording event has been
detected (No 1 S15), processor 101 determines whether a
target event has been detected (S16). For example, processor
101 may determine that a target event has been detected 1n
the case where GPS receiver 107 of unmanned aircrait 100
has detected that unmanned aircraft 100 1s located inside of
a predetermined region. Processor 101 may also determine
that a target event has been detected 1n the case where, for
example, an operation signal recerved by communication IF
113 from controller 200 includes information indicating the
start of a target event. Alternatively, processor 101 may
determine that a target event has been detected 1n the case
where, for example, a person has been detected in an 1image
captured by camera 114 as a result of performing image
processing on such image.

When determining that a sound recording event has been
detected (Yes 1n S15), or a target event has been detected
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(Yes 1n S16), processor 101 switches the sound recording
processing mode to the full processing mode (S17). After

switching to the full processing mode, for example, proces-
sor 101 updates the mode information stored in memory 102
into information indicating that the current sound recording
processing mode 1s the full processing mode.

Note that the determination in step S15 and the determi-
nation in step S16 are separately performed in the above
description, but these determinations may be performed as a
single determination. When these determinations are per-
formed as a single determination, processor 101 determines,
for example, whether an event has been detected. Event
detection here includes the detection of a sound recording
event and the detection of a target event.

Processor 101 then performs a predetermined process
using signals output from all elements 131 of microphone
103 (518). Here, the predetermined process performed by
processor 101 1s, for example, a process of reducing the
noise generated by at least one generator 110 of unmanned
aircraft 100, using a plurality of signals output from all
clements 131. Note that step S18 1s also performed 1n the
case whether processor 101 determines 1n step S12 that the
current sound recording processing mode 1s the full process-
ing mode (No in S12).

Processor 101 then detects the target sound, using the
result of the predetermined process performed 1n step S18
(S19). For example, processor 101 detects a target sound
signal representing the target sound i a predetermined
frequency range from the signals that have undergone the
noise reduction process.

Processor 101 then determines whether the full processing
mode has been completed (520). For example, processor
101 may determine that the full processing mode has been
completed 1n the case where the operation signal received by
communication IF 113 from controller 200 indicates the
completion of the full processing mode. Processor 101 may
also determine that the full processing mode has been
completed in the case where, for example, a predetermined
time has elapsed after the target sound 1s detected last.
Alternatively, processor 101 may determine that the full
processing mode has been completed in the case where, for
example, GPS receiver 107 has detected that unmanned
aircraft 100 1s located outside of a predetermined region.

When determining that the tull processing mode has been
completed (Yes in S20), processor 101 switches the sound
recording processing mode to the low power mode (S21).
When switching to the low power mode, for example,
processor 101 updates the mode information stored in
memory 102 into information indicating that the current
sound recording processing mode 1s the low power mode.

Processor 101 returns to step S11 to perform step S11, in
the case where: processor 101 determines that no target
event has been detected 1n step S16 (No 1n S16); processor
101 determines that the full processing mode has not been
completed 1 step S20 (No 1 S20); or the mode switching
to the low power mode has been completed 1n step 21.

Note that processor 101 may stop the sound recording
operation by unmanned aircrait 100 in the case where the
operation signal recerved by communication IF 113 from
controller 200 i1ndicates the stop of the operation.

[T]

flects, Etc.

In unmanned aircrait 100 according to the present
embodiment, processor 101 performs a detection process of
detecting a target sound signal of the target sound from
signals output from a plurality of elements 131 of micro-
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phone 103, and changes target elements that output signals
to be processed by processor 101 to select at least one target

clement that outputs a signal to be processed from among a
plurality of elements 131, 1n accordance with a result of the
detection process. Stated differently, since processor 101
changes the target elements that output signals to be pro-
cessed 1n accordance with the result of detecting the target
sound signal, processor 101 does not perform the detection
process using signals output from some of the elements at
least before or after changing the target elements. This
reduces processing load required for the detection process at
least before or after changing of the target elements, thereby
reducing the amount of power required for the detection
process.

Embodiment 2

The following describes Embodiment 2.

Processor 101 of unmanned aircraft 100 according to
Embodiment 1 changes target elements that output signals to
be processed among a plurality of elements 131 of micro-
phone 103, 1n accordance with the result of a detection
process, but the present disclosure 1s not limited to this
configuration. Processor 101 of unmanned aircraft 100
according to Embodiment 2 obtains the amount of remaining
battery of battery 108 included 1in unmanned aircrait 100,
and changes target elements that output signals to be pro-
cessed among a plurality of elements 131 of microphone
103, 1n accordance with the amount of remaining battery.

In this case, communication IF 113 of unmanned aircraft
100 obtains, for example, a tlight route of unmanned aircraift
100 from controller 200 or another device. Flight controller
101a estimates the amount of remaining battery at each
point on the flight route at which unmanned aircraft 100 1s
scheduled to arrive, on the basis of the tlight route obtained
by communication IF 113 and the amount of remaiming
battery obtained by predictor 1015.

With reference to FI1G. 13 through FIG. 135, the following
describes a process of changing target elements that output
signals to be processed among a plurality of elements 131 of
microphone 103, 1n accordance with the amount of remain-
ing battery.

FIG. 13 1s a diagram for explaining a first exemplary
process of changing target elements 1n accordance with the
amount of remaining battery. FIG. 14 1s a diagram for
explaining a second exemplary process of changing target
clements 1n accordance with the amount of remaiming bat-
tery. FIG. 15 1s a diagram for explaining a third exemplary
process ol changing target elements 1n accordance with the
amount of remaining battery.

As shown 1n FI1G. 13 through FIG. 15, an exemplary flight
route of unmanned aircraft 100 1s a tlight route on which
unmanned aircrait 100 starts from the position of home H1,
passes through waypoints P1, P2, P3, and P4 1n stated order,
and returns to home HI.

As shown 1n FIG. 13, the first example 1s an example 1n
which unmanned aircrait 100 performs sound recording in
the full processing mode throughout the flight route. Pre-
dictor 1015 of unmanned aircraft 100 predicts 1n each of
waypoints P1 through P4 on the flight route: the amount of
battery consumption; the amount of remaining battery; a
predicted amount of remaining battery when unmanned
aircraft 100 arrives home H1; the sound recording process-
ing mode; and the amount of remaining battery available to
return to home HI1.

The amount of battery consumption indicates the amount
of power to be consumed from home H1 to each of way-



US 11,919,640 B2

17

points P1 through P4. The amount of battery consumption is,
for example, the ratio of the amount of power to be con-
sumed from home H1 to each of waypoints P1 through P4
to the battery capacity. The amount of battery consumption
1s determined, for example, by integrating time-series varia-
tions 1n the output current during the period in which
unmanned aircrait 100 1s operating, and then by multiplying,
the resulting value of the time integral by the rated voltage
of battery 108. The time series variations in the output
current are obtained by sequentially measuring the output
current from battery 108.

The amount of remaining battery indicates the amount of
remaining battery of battery 108 available from home H1 to
cach of waypoints P1 through P4. The amount of remaining
battery 1s, for example, the value obtained by subtracting the
amount of battery consumption from 100%.

A predicted amount of remaining battery when unmanned
aircraft 100 arrives home H1 1s the amount of remaining
battery that 1s predicted to remain when unmanned aircraft
100 arrives home H1 after performing sound recording
mid-flight from each of waypoints P1 through P4. A pre-
dicted amount of remaining battery 1s the value obtained by
subtracting, from the amount of remaining battery in each of
waypoints P1 through P4, the ratio of the amount of power
predicted to be consumed to arrive home H1 to the battery
capacity. The amount of power predicted to be consumed 1s
obtained, for example, by (1) obtaining variations in the
aircrait state from each of waypoints P1 through P4 to home
H1 and data on the past flight including the flight distance,
the amount of power consumption corresponding to the
variations in the aircrait state and the tlight distance, and
then (11) calculating an average amount of power consump-
tion from the obtained data on the past thght. Note that the
variations 1n the aircrait state are, for example, variations in
the flight speed, straight-line flight, circular tlight, and so
torth, or variations 1n the rotational speed of rotor blade 111
in each generator 110.

The sound recording processing modes are the same as
those described 1n Embodiment 1.

The amount of remaining battery available to return to
home H1 1s information indicating the prediction of whether
an available amount of battery remains when unmanned
aircrait 100 arnves home H1. The amount of remaining
battery available to return to home HI1 1s represented as
“Yes” 1n the case where a predicted amount of remaining
battery indicates a positive value and “No” 1n the case where
a predicted amount of remaining battery indicates a negative
value.

In the first example, the amount of remaining battery 1s
represented as “Yes” 1n each of all waypoints P1 through P4,
and thus unmanned aircraft 100 1s able fly throughout the
tlight route, performing sound recording 1n the full process-
ing mode, without having to switch to the low power mode.

As shown 1n FIG. 14, the second example 1s an example
in which unmanned aircraft 100 flies through the same flight
route as that of the first example, performing sound record-
ing. The second example, however, 1s an example case
where a larger amount of power of battery 108 has been
consumed than 1n the first example because of the influence
of an unexpected wind or an extra tlight to check the sound
source ol a suspicious sound detected in the middle of the
flight. The second example 1s an example ol performing
sound recording 1n the full processing mode throughout the
tlight route, as with the first example.

In the second example, unmanned aircrait 100 consumes
a larger amount of power of battery 108 than 1n the first
example belfore passing through waypoint P2. As such, a
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predicted amount of remaining battery at home H1 when
unmanned aircrait 100 1s 1n waypoint P2 indicates a negative
value. Stated differently, the amount of battery to be con-
sumed to arrive home HI1 1s larger than the amount of
remaining battery, meamng that unmanned aircraft 100 wall
not be able to arrmive home HI1 1if remaiming in the full
processing mode.

One possible way to increase the flight hours of
unmanned aircrait 100 1s to switch the sound recording
processing mode from the full processing mode to the low
power mode.

As shown 1 FIG. 15, the third example 1s an example 1n
which unmanned aircrait 100 consumes a larger amount of
power of battery 108 than in the first example because of the
influence of an unexpected wind or an extra tlight to check
the sound source of a suspicious sound detected in the
middle of the flight as with the second example. Diflerent
from the first example and the second example, the third
example 1s an example of switching from the full processing
mode to the low power mode to perform sound recording.

In the third example, as with the second example,
unmanned aircraft 100 consumes a larger amount of power
of battery 108 than in the first example before passing
through waypomnt P2. As such, a predicted amount of
remaining battery at home H1 when unmanned aircrait 100
1s 1n waypoint P2 indicates a negative value, meaning that
unmanned aircrait 100 1s predicated not to be able to arrive
home H1 1f remaining in the full processing mode. To
address this concern, unmanned aircraft 100 switches the
sound recording processing mode from the full processing
mode to the low power mode. As a result, a predicted
amount of remaining battery at home H1 will be a positive
value when unmanned aircraft 100 1s in waypoint P3 and
thereafter. Unmanned aircraft 100 1s thus predicted to be
able to return to home H1, performing sound recording.

FIG. 16 1s a tlowchart of a first exemplary sound record-
ing operation performed by unmanned aircrait 100 accord-
ing to Embodiment 2.

In unmanned aircraft 100, microphone 103 picks up
sounds (S31).

Processor 101 then predicts the amount of power to be
consumed to fly through the flight route (5832). For example,
processor 101 calculates the amount of power to be con-
sumed to perform sound recording on the return to home H1
by multiplying the flight hours required to return to home H1
from the current position via each of waypoints P1 through
P4 on the flight route by the average amount of power
consumption per unit time 1n the current sound recording
processing mode. Processor 101 also calculates, for
example, the amount of power to be consumed to return to
home H1 from the current position via each of waypoints P1
through P4 on the flight route. Processor 101 calculates a
predicted amount of power to be consumed to complete the
flight through the flight routed by adding the amount of
power to be consumed to perform sound recording on the
return to home H1 and the amount of power to be consumed
to return to home H1. Processor 101 calculates the amount
of battery to be consumed to return to home H1, using the
calculated amount of power consumption.

Processor 101 then determines whether power to be
consumed 1n the current processing mode remains in battery
108 (533). For example, processor 101 determines whether
the amount of power to be consumed to fly through the tlight
route calculated 1n step S32 i1s smaller than the amount of
remaining battery of battery 108. When the amount of
battery to be consumed i1s smaller than the amount of
remaining battery, processor 101 determines that power to
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be consumed 1n the current processing mode remains in
battery 108 and otherwise determines that power to be
consumed 1n the current processing mode does not remain 1n
battery 108.

When determining that power to be consumed in the
current processing mode does not remain 1n battery 108 (No
in S33), processor 101 decreases the number of target
clements used for sound recording, among a plurality of
clements 131 of microphone 103, to perform sound record-
ing (S34). For example, processor 101 decreases the number
of target elements by switching from the full processing
mode to the low power mode.

Processor 101 then determines again whether power to be
consumed 1n the current processing mode remains in battery
108 as a result of decreasing the number of target elements
used for sound recording (S33).

When determining that power to be consumed in the
current processing mode does not remain 1n battery 108 (No
in S35), processor 101 returns to step S34 to further decrease
the number of target elements used for sound recording
among a plurality of elements 131 of microphone 103.

When determiming 1n step S33 or step S35 that power to
be consumed 1n the current processing mode remains in
battery 108 (Yes 1n S33 or S35), processor 101 returns to
step S31.

Alternatively, unmanned aircrait 100 according to
Embodiment 2 may perform a sound recording operation as
shown 1n FIG. 17.

FIG. 17 1s a flowchart of a second exemplary sound
recording operation performed by unmanned aircrait 100
according to Embodiment 2.

In unmanned aircrait 100, microphone 103 picks up
sounds (S41).

Processor 101 then predicts the amount of power to be
consumed to fly through the flight route (S42). More spe-
cifically, processor 101 performs the same process as that of
step S32.

Processor 101 then determines whether power to be
consumed 1n the current processing mode remains in battery
108 (S43). More specifically, processor 101 performs the
same process as that of step S33.

When determining that power to be consumed in the
current processing mode does not remain 1n battery 108 (No
in S43), processor 101 decreases the number of target
clements used for sound recording, among a plurality of
clements 131 of microphone 103, to perform sound record-
ing (S44). For example, processor 101 decreases the number
of target elements by switching from the full processing
mode to the low power mode.

Processor 101 then estimates the signal-noise ratio (SNR)
of the target sound obtained by sound recording to determine
whether the estimated SNR 1s greater than the threshold
(S45). Note that the SNR of the target sound 1s an exemplary
indicator of the quality of the target sound. The SNR of the
target sound 1s, for example, the diflerence between the
sound pressure level of a signal obtained by microphone 103
by picking up a sound generated by unmanned aircrait 100
in tlight before the noise reduction process and the sound
pressure level of a target sound picked up by microphone
103 after the noise reduction process.

When determining that the SNR of the target sound
obtained by sound recording 1s lower than or equal to the
threshold (No 1n S45), processor 101 1ncreases the number
of target elements decreased in step S44 to the original
number to perform sound recording (S46).
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Processor 101 then adjusts the tlight route of unmanned
aircrait 100 (S47). For example, processor 101 reduces the
distance of the flight route.

When determining that the SNR of the target sound
obtained by sound recording 1s greater than the threshold
(Yes 1n S45), processor 101 determines whether the amount
of power to be consumed 1n the current processing mode
remains in battery 108 (548). More specifically, processor
101 performs the same process as that of step S43.

When determining that the amount of power to be con-
sumed 1n the current processing mode does not remain 1n
battery 108 (No in S48), processor 101 adjusts the tlight
route of unmanned aircraft 100 (S49). For example, proces-
sor 101 reduces the distance of the flight route.

When determining in step S43 or S48 that the amount of
power to be consumed in the current processing mode
remains in battery 108 (Yes in S43 or S48), processor 101
returns to step 41 after performing step S47 or step S49.

Alternatively, unmanned aircraft 100 according to
Embodiment 2 may perform a sound recording operation as
shown 1n FIG. 18.

FIG. 18 15 a flowchart of a third exemplary sound record-
ing operation performed by unmanned aircrait 100 accord-
ing to Embodiment 2.

In unmanned aircraft 100, microphone 103 picks up
sounds (S51).

Processor 101 then predicts the amount of power to be
consumed to fly through the flight route (S52). More spe-
cifically, processor 101 performs the same process as that of
step S32.

Processor 101 then determines whether power to be
consumed 1n the current processing mode remains in battery
108 (S53). More specifically, processor 101 performs the
same process as that of step S33.

When determining that power to be consumed in the
current processing mode does not remain in battery 108 (No
in S53), processor 101 decreases the number of target
clements used for sound recording, among a plurality of
clements 131 of microphone 103, to perform sound record-
ing (S54). For example, processor 101 decreases the number
of target elements by switching from the full processing
mode to the low power mode.

Processor 101 then determines whether the SNR of the
target sound obtained by sound recording 1s greater than the
threshold (S55).

When determining that the SNR of the target sound
obtained by sound recording 1s lower than or equal to the
threshold (No 1n S55), processor 101 adjusts the flight route
of unmanned aircraft 100 (556). For example, processor 101
reduces the distance of the thght route.

When determining that power to be consumed in the
current processing mode remains in battery 108 (Yes 1n
S53), processor 101 determines whether power to be con-
sumed using an increased number of target elements for
sound recording remains in battery 108 (S57).

When determining that power to be consumed using an
increased number of target elements for sound recording
remains 1n battery 108 (Yes 1n S57), processor 101 increases
the number of target elements used for sound recording,
among a plurality of elements 131 of microphone 103, to
perform sound recording (S58). For example, processor 101
increases the number of target elements by switching from
the low power mode to the full processing mode.

When determining that the SNR of the target sound
obtained by sound recording 1s greater than the threshold
(Yes 1n S55), processor 101 determines whether power to be
consumed 1n the current processing mode remains in battery
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108 (S59). More specifically, processor 101 performs the
same process as that of step S53.

When determining that power to be consumed in the
current processing mode does not remain 1n battery 108 (No
in S39), processor 101 adjusts the tlight route of unmanned
atrcraft 100 (S60). For example, processor 101 reduces the
distance of the flight route.

When determining 1n step S57, after performing step S56,
step S58, and step S60, that power to be consumed using an
increased number of target elements for sound recording
does not remain in battery 108 (No in S57), or when
determining 1n step S59 that power to be consumed 1n the
current processing mode remains in battery 108 (Yes 1n
S59), processor 101 returns to step S51.

[T

flects, FEtc.

In unmanned aircrait 100 according to the present
embodiment, processor 101 decreases the number of target
clements when determiming that power to be consumed 1n
the current processing mode does not remain 1n battery 108.
This configuration 1s thus capable of reducing the amount of
power used for signal processing. This reduces the decrease
rate of the amount of remaining battery, thus increasing the
tlight hours of the unmanned aircraft. Meanwhile, processor
101 increases the number of target elements when, for
example, the amount of remaiming battery becomes greater
than a predetermined threshold as a result of charging, etc.
This improves the recording quality.

Also, 1n unmanned aircrait 100 according to the present
embodiment, processor 101 further estimates the amount of
remaining battery 1n positions on the obtained flight route at
which unmanned aircraft 100 1s scheduled to arrive, 1.e.,
waypoints P1 through P4.

With this configuration, 1t 1s possible for processor 101 to
change the target elements 1n accordance with the amount of
remaining battery estimated from the flight route. For
example, i1t 1s possible for processor 101 to reduce the
decrease rate of the amount of remaining battery by decreas-
ing the number of target elements 1n the case where the
amount of remaining battery i1s smaller than a predicted
amount of power consumption that 1s predicted to be con-
sumed 1n the current processing mode to complete the flight
through the flight route. The foregoing configuration is thus
capable of increasing the flight hours of unmanned aircraft
100. Meanwhile, in the case where the amount of remaining
battery 1s larger than the predicted amount of power con-
sumption, it 1s possible to increase the number of target
clements to a larger number than in the case where the
amount of remaining battery 1s smaller than the predicted
amount of power consumption. This improves the recording
quality.

In unmanned aircrait 100 according to the present
embodiment, 1t 1s possible to allocate, to signal processing,
the amount of power required to fly through the flight route
that has been changed to have a shorter thght distance 1n the
case where the SNR of the target sound signal 1s estimated
to be lower than the threshold. The foregoing configuration
1s thus capable of increasing the number of target elements,
and thus improving the quality of the target sound signal.

In unmanned aircrait 100 according to the present
embodiment, processor 101 estimates an SNR of the target
sound signal that has been detected using the signals output
from the target elements selected 1n the changing of the
target elements. In the case where the estimated SNR 1s
lower than the threshold, processor 101 increases the num-
ber of target elements to increase the SNR to be greater than
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or equal to the threshold. When the determination result 1n
step S45 1s “No”, for example, processor 101 increases the

number of target elements to the original number, thereby
improving the SNR. Meanwhile, when the determination
result 1 step S55 1s “No”, for example, processor 101
adjusts the flight route to have a shorter distance. This
ecnables a predicted amount of power consumption to be
calculated next time step S52 1s performed to be a smaller
amount and thus the determination result in step S33 1s more
likely to be “Yes™. In the case where the determination result
in step S53 1s “Yes” and the determination result in the
subsequent step S57 1s “Yes”, the number of target elements
1s 1ncreased 1n 1n step S58 to perform sound recording. This
improves the SNR. Since the number of target elements 1s
increased 1n the case where the estimated SNR of the target
sound signal 1s lower than the threshold as described above,
it 1s possible to improve the quality of the target sound
signal.

Embodiment 3

The following describes Embodiment 3.

Processor 101 of unmanned aircraft 100 according to
Embodiment 3 obtains the aircraft state of unmanned aircraft
100, and changes target elements that output signals to be
processed among a plurality of elements 131 of microphone
103, in accordance with the aircraft state. The aircraft state
1s, Tor example, the number of rotations of rotor blade 111 of
cach generator 110 of unmanned aircrait 100 per unit time.

FIG. 19 1s a graph showing a relation between the noise
level of the unmanned aircraft and an 1nstructed number of
rotations of the rotor blades.

As shown 1n the drawing, the level of noise generated by
unmanned aircrait 100 increase as an instructed number of
rotations of rotor blades 111 increases and consequently the
number of rotations ol rotor blades 111 per unit time
increases. This 1s because noise of unmanned aircraft 100 1s
mainly generated by the rotations of rotor blades 111. In
view ol this, processor 101 may increase the number of
target elements used for sound recording among a plurality
of elements 131 of microphone 103 to improve the quality
of the target sound obtained by sound recording, as the level
ol noise generated by unmanned aircrait 100 increases.

FIG. 20 1s a diagram showing a relation between an
instructed number of rotations of the rotor blades of the
unmanned aircrait and the number of target elements.

Processor 110 may refer to the relation as shown in FIG.
20 to change target elements 1n accordance with an
instructed number of rotations of rotor blades 111 of
unmanned aircrait 100. Processor 101 changes target ele-
ments so that the number of target elements increases with
an mcrease 1n an structed number of rotations. Note that an
instructed number of rotations 1s 1indicated, for example, as
the ratio of the number of rotations of rotor blades 111 per
unmit time that 1s required to obtain thrust to fly unmanned
aircraft 100 to the maximum number of rotations of rotor
blades 111 per unit time.

FIG. 21 1s a flowchart of an exemplary sound recording
operation performed by unmanned aircrait 100 according to
Embodiment 3.

In unmanned aircraft 100, microphone 103 picks up

sounds (S71).

Processor 101 then obtains an instructed number of rota-
tions (S72). More specifically, processor 101 determines the
number of rotations of rotor blades 111 per unit time as the
number of rotations that enables generators 110 to generate
thrust to perform the tlight 1n accordance with an operation
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instruction from controller 200 or the flight through the
flight route. Processor 101 outputs to generators 110 an
instructed number of rotations indicating the determined
number of rotations per unit time at which rotor blades 111
are driven.

Processor 101 selects a set of target elements correspond-
ing to the mstructed number of rotations having been output
shown 1n the relation i FIG. 20 (573). For example,
processor 101 selects the target elements of Set B when the
instructed number of rotations 1s 55%.

Processor 101 uses the selected set of target elements to
perform the noise reduction process (S74).

[T

flects, Ftc.

In unmanned aircraft 100 according to the present
embodiment, processor 101 changes target elements that

output signals to be processed, in accordance with the
aircraft state of unmanned aircraft 100, e.g., the number of
rotations of the rotor blades per unit time. It means that
processor 101 does not perform the detection process using,
signals output from some of the elements at least before or
after changing the target elements. This configuration
reduces processing load required for the detection process at
least before or after changing of the target elements, thereby
reducing the amount of power required for the detection
process. It 1s also possible to select, as target elements that
output signals to be processed, elements appropriate for the
number of rotations of the rotor blades per unit time in
accordance with such number of rotations. The foregoing

configuration thus mmproves the quality of the result of
processing the signals output from the microphone.

Variation

The process of changing target elements 1n the foregoing
embodiments may be performed as 1n a flowchart shown 1n
FIG. 22. Such process of changing target elements 1s appli-
cable to the processes of, for example, steps S21, S34, S44,
S46, S54, S58, and S73.

FIG. 22 1s a flowchart of an exemplary process of chang-
ing target elements according to a varnation.

Upon start of the process of changing target elements,
processor 101 determines whether processing coellicients
for a combination of target elements are stored in memory
102 (S81). The processing coellicients are coellicients cor-
responding to elements 1n a combination of target elements
used for the noise reduction process. The processing coel-
ficients can take different values depending on a combina-
tion of target elements.

When determining that the processing coethicients for the
combination of the target elements are stored 1n memory 102
(Yes 1n S81), processor 101 obtains, from memory 102, the
processing coellicients corresponding to such combination
ol target elements (S82).

Processor 101 then applies, to the sound recording opera-
tion, the obtained processing coeflicients corresponding to
the combination of target elements to perform sound record-
ing (S83). For example, processor 101 applies a coetlicient
in the processing coeflicients corresponding to each of the

signals output from the target elements to perform sound
recording.

When determining that the processing coethlicients for the
combination of target elements are not stored 1n memory 102
(No 1 S81), processor 101 determines whether calibration
sound data for all elements of microphone 103 1s stored 1n
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memory 102 (S84). The calibration sound data i1s, for
example, data in which white noise 1s recorded.

When determining that the calibration sound data for all
clements of microphone 103 1s stored 1n memory 102 (Yes
in S84), processor 101 uses the sound data to generate
processing coellicients corresponding to the combination of
target elements (S83).

When determining that the calibration sound data for all
clements of microphone 103 1s not stored in memory 102
(No 1n S84), processor 101 selects a combination of target
clements from a plurality of combinations of elements
corresponding to a plurality of processing coeflicients stored
in memory 102 (S86).

In the foregoing embodiments, processor 101 changes
target elements used for sound recording among a plurality
of elements 131 of microphone 103, but the present disclo-
sure 1s not limited to this configuration. Processor 101 may
thus change target elements used for sound recording by
powering ON or OFF a plurality of elements 131 of micro-
phone 103.

In the foregoing embodiments, processor 101 may also
perform 1n real-time signal processing using signals output
from a plurality of elements 131 of microphone 103 or may
store such signals output from a plurality of elements 131 of
microphone 103 1 memory 102 and perform signal pro-
cessing on the signals stored in memory 102 at a later timing.
In this case, processor 101 may store in memory 102
information indicating whether the sound recording process-
ing mode used to obtain the signals stored 1n memory 102 1s
the full processing mode or the low power mode, together
with these signals.

In the foregoing embodiments, processor 101 changes
target elements that output signals to be processed among a
plurality of elements 131 of microphone 103, but the present
disclosure 1s not limited to this configuration. Processor 101
may thus adjust a frequency range of the obtained signals
from which sound 1s extracted. The frequency range of the
signals from which sound 1s extracted may be the frequency
range of human voice, or may be a frequency range of a
specific sound, such as the sound of a whistle. In this case,
processor 101 reduces the processing load by performing
sound recording after extracting signals 1n a narrower range
than that of the output signals, thereby reducing the power
consumption.

To adjust the number of target elements in the foregoing
embodiments, for example, the number of target elements
may be contiguously adjusted on an element basis or may be
adjusted 1n stages on a basis of a group that includes a
plurality of elements. The number of target elements may be
adjusted, for example, in n-stages. Stated differently, the
number of target elements may be increased or decreased on
an element basis or may be increased or decreased in stages
on a basis of a group that includes a plurality of elements.

Each of the structural elements 1n each of the foregoing
embodiments may be configured in the form of an exclusive
hardware product, or may be realized by executing a soft-
ware program suitable for the structural element. Each of the
structural elements may be realized by means of a program
executing unit, such as a CPU and a processor, reading and
executing the soltware program recorded on a recording
medium such as a hard disk or a semiconductor memory.

Although the unmanned aircraft according to one or more
aspects of the present disclosure has been described above
on the basis of the embodiments, the present disclosure 1s
not limited to such embodiments. Those skilled in the art
will readily appreciate that many modifications are possible
in the exemplary embodiments without materially departing
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from the novel teachings and advantages of the present
disclosure. Accordingly, all such modifications are intended
to be included within the scope of the present disclosure.

Note that machine learning may be utilized for processes,
image recognition, and sound recognition performed by
processor 101. Examples of machine learning include:
supervised learning 1n which an input-output relationship 1s
studied by use of teaching data, which 1s input information
labeled with output information; unsupervised learning 1n
which data structure 1s built up only from an unlabeled input;
semi-supervised learming 1 which both labeled and unla-
beled data are utilized; and reinforcement learning 1n which
teedback (reward) 1s obtained to an action selected from the
result of state observation to study successive actions that
enable the obtainment of the maximum amount of reward.
More specific techniques of machine learning include neu-
ral-network learning (including deep learning that utilizes
multi-layered neural network), genetic programming, deci-
sion tree learning, Bayesian network learning, and support
vector machine (SVM) learning. The present disclosure uses
one of these example techniques.

INDUSTRIAL APPLICABILITY

The present disclosure 1s applicable for use as an
unmanned aircraft and so forth capable of achieving both the
reduction in power consumption and the detection of a target
sound.

The 1nvention claimed 1s:

1. An unmanned aircraft, comprising;:

a microphone including a plurality of elements; and

a processor that processes signals output from target
clements 1ncluded 1n the plurality of elements,

wherein the processor:

performs a detection process of detecting a target sound
signal of a target sound from the signals output from the
target elements included in the plurality of elements;
and

changes the target elements that output the signals to be
processed by the processor to select at least one target
clement that outputs a signal to be processed by the
processor Ifrom among the plurality of elements, 1n
accordance with a result of the detection process.

2. The unmanned aircraft according to claim 1,

wherein the processor increases a current number of the
target elements that output the signals to be processed
by the processor, when the target sound signal 1s
detected by the detection process from the signals
output from the plurality of elements.
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3. The unmanned aircrait according to claim 1,

wherein the processor increases a current number of the
target elements in changing the target elements, and

before the changing of the target elements, the target
clements include a first element located 1n a specific
direction from the microphone.

4. The unmanned aircraft according to claim 3,

wherein the specific direction 1s a direction 1n which a
sound source of the target sound 1s predicted to be
located.

5. The unmanned aircraft according to claim 3,

wherein before the changing of the target elements, the
target elements further include a second element
located closer to a source of noise generated by the
unmanned aircrait than the first element.

6. The unmanned aircraft according to claim 5,

wherein before the changing of the target elements, the
target elements further include a third element located
between the first element and the second element.

7. The unmanned aircrait according to claim 1,

wherein 1 changing the target elements, the processor
further changes the target elements to select the at least
one target element that outputs the signal to be pro-
cessed by the processor from among the plurality of
clements, in accordance with an amount of remaining,
battery of a battery included in the unmanned aircraft.

8. The unmanned aircraft according to claim 7,

wherein the processor further:

obtains a flight route of the unmanned aircrait; and

estimates the amount of remaining battery in a position on
the flight route at which the unmanned aircraft is
scheduled to arrive.

9. The unmanned aircrait according to claim 8,

wherein the processor:

cstimates a quality of the target sound signal that 1s
detected from the signal output from the at least one
target element that has been selected 1n the changing of
the target elements; and

changes the tlight route when the quality 1s lower than a
threshold.

10. The unmanned aircraft according to claim 1,

wherein the processor:

estimates a quality of the target sound signal that 1s
detected from the signal output from the at least one
target element that has been selected in changing the
target elements; and

increases a current number of the target elements to

increase the quality to a level greater than or equal to
the threshold, when the quality i1s lower than the
threshold.
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